Objectives: Linked bla CTX-M-3 -bla TEM-1b genes, as found on the IncI1 plasmid pEK204 prevalent in Belfast, also occur on plasmids belonging to other rep types in Escherichia coli isolated from nursing-home residents in Belfast. We investigated the mechanisms for their joint dissemination among diverse plasmids.
Introduction
Extended-spectrum b-lactamase (ESBL)-producing Escherichia coli of the widespread O25b:H4-ST131 lineage in Belfast often carry pEK204, a 93.7 kb IncI1 plasmid that encodes the CTX-M-3 enzyme, 1,2 whereas those from elsewhere in the UK (and some from Belfast) more often carry plasmids encoding CTX-M-15. 1, 3 pEK204 has a 9.3 kb fragment harbouring ISEcp1, bla CTX-M-3 , Tn3-tnpA and bla TEM-1b , among other genes. This same fragment is also found on diverse multidrug resistance plasmids of rep types IncFIA, IncFIA-FIB, IncN and IncY in other ST131 E. coli isolated from faeces of Belfast nursing-home residents. 2 The Tn3-tnpA transposase gene in pEK204 is disrupted by the insertion of ISEcp1-bla CTX-M-3 ( Figure 1a ), resulting in a transposase with an altered C-terminus caused by read-through of the in-frame ISEcp1. 1 Since deletions after amino acid 996 towards the C-terminus are known to abolish Tnp activity, 1, 4 it is unlikely that the truncated tnpA on pEK204 could transpose the 9.3 kb fragment harbouring both bla CTX-M-3 and bla TEM-1b . On the other hand, ISEcp1 has been widely reported to facilitate the mobilization of bla CTX-M genes;
5 -7 therefore, we sought to investigate whether linked transposition of bla CTX-M-3 and bla TEM-1b could be mediated by ISEcp1.
Materials and methods

Bacterial isolates and vectors
E. coli NCTC 13452 harbouring pEK204, 1 a derivative vector pBAD Myc-His encoding a kanamycin resistance gene (Invitrogen, Paisley, UK) and E. coli DH5a (Bioline, London, UK) were used to perform transposition experiments. Plasmid pEK204 1 was extracted from E. coli strain NCTC 13452 by alkaline lysis and transformed into electrocompetent E. coli DH5a harbouring the pBAD Myc-His vector by electroporation, as described above. Transformants containing both plasmids were selected on LB agar supplemented with 2 mg/L cefotaxime and 25 mg/L kanamycin.
Transposition experiments
Transposition experiments were performed by incubating E. coli DH5a containing both pEK204 and pBAD Myc-His vector overnight with gentle shaking at 378C in 2 mL of LB broth. The plasmids were then extracted using the Pure Yield Plasmid Miniprep System (Promega) and electrotransformed into fresh, plasmid-free E. coli DH5a. Selection was performed on LB agar supplemented with 2 mg/L cefotaxime and 25 mg/L kanamycin to favour any pBAD Myc-His vector derivative with transposed bla CTX-M-3 . The acquisition of single plasmids was confirmed by alkaline lysis and the presence of bla CTX-M by PCR. Transposition events were further characterized by direct sequencing of derivative pBAD Myc-His vectors, extracted from transformants and analysed on an ABI Genetic Analyser capillary platform 3130XL (Applied Biosystems, CA, USA) using vector-specific primers.
Results
Transposition of bla CTX-M-3 and bla CTX-M-3 -bla 'Linked' (bla CTX-M-3 -bla TEM-1b ) (n¼ 2) and 'single' (bla CTX-M-3 only) (n¼ 3) transposition events to pBAD-Myc-His were found in only ; and (c) after linked transposition of bla CTX-M-3 and bla TEM-1b . DR, direct repeats. Underlined nucleotides in the alternate IR R elements are identical to those of the perfect IR R of ISEcp1. 6 Dhanji et al.
five transformants and, in all cases, the additional DNA represented typical ISEcp1 transposition units. 6, 8 Single transposition ( 2.8 kb; Figure 1b) , in all three transformants sequenced, extended from the 14 bp IR L of ISEcp1 (5 ′ -CCT AGA TTC TAC GT-3 ′ ) 9 upstream of the bla CTX-M-3 gene to a fixed position 391 nucleotides downstream of the bla CTX-M-3 stop codon and within open reading frame (ORF) 477. Linked transposition was also initiated, in both of the two transformants obtained, at the IR L sequence of ISEcp1, 6, 9 but ended at a fixed position 7.8 kb downstream from the bla CTX-M-3 stop codon within the impB ORF. This resulted in a transposed fragment of 9.3 kb (Figure 1c) , which also included bla TEM-1b since the impB gene of pEK204 is located 1.5 kb downstream of bla . 1 This 9.3 kb fragment was identical (except the direct repeats) to that present on pEK204 (Figure 1a and c) .
The 14 nucleotide sequences of impB and ORF 477, which defined the 3 ′ termini of the transposed fragments, both resembled the IR R of ISEcp1 6,9 (Figure 1b and c) . Transposition events were not site-specific, because various 5 bp AT-rich direct repeats were observed to flank the transposed elements, as previously described. 6 
Discussion
ISEcp1 is responsible for the mobilization of several bla CTX-M genes. 4, 8 This study showed that it could transpose bla CTX-M-3 from pEK204 and that it could also mediate linked transposition of bla CTX-M-3 -bla TEM-1b . Our data showed that transposition of bla CTX-M-3 alone occurred when ISEcp1 recognized its own IR L and the closest downstream sequence on pEK204 that resembled its IR R , 6 ,9 lying within ORF 477. Linked transposition again required ISEcp1 to recognize its own IR L , but with a more distal alternative IR R downstream of bla TEM-1b in impB. These observations are consistent with previous reports that ISEcp1 can use a range of DNA sequences that resemble its IR R during a transposition process that involves its adjacent sequences, a characteristic that allows this element to mobilize diverse b-lactamase genes. 6, 8, 10 Our transposition experiments were performed at 378C to reflect body temperature, because linked bla CTX-M-3 -bla TEM-1b transposition associated with pEK204 was previously proposed to explain the distribution of this gene pair among diverse plasmids in E. coli colonizing the guts of nursing-home residents in Belfast.
2 Consistent with this hypothesis, the transposed bla CTX-M-3 -bla TEM-1b fragment characterized here was identical to sequences found previously on plasmids of rep types IncFIA, IncFIA-FIB, IncN and IncY in faecal E. coli from nursing-home residents of Belfast. 2 A very small number of transposition events were detected in vitro and the relative frequency of similar events in the human gut or at the lower temperatures of environmental settings may be substantially different. However, our data clearly indicate that these processes do occur.
In summary, we have shown that pEK204-like plasmids, which are found in diverse E. coli ST131 variants in Belfast, 2 have the potential to act as reservoirs to allow the simultaneous spread of linked bla CTX-M-3 and bla TEM-1b . This behaviour is consistent with the diversity of plasmids carrying this arrangement in E. coli from Belfast's nursing-home residents. This ISEcp1-mediated mechanism is therefore of public health concern, potentially allowing ESBLs to spread as widely as the TEM-1 penicillinase.
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